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ABSTRACT

The objective of this study was to develop an optimum nanovesicular
formulation entrapped with plasmid DNA for an efficient gene delivery system using
luciferase plasmid (pLuc) as a model DNA. Neutral, cationic and anionic liposomes
composed of DPPC (dipalmitoyl phosphaditylcholine), Chol (cholesterol) and/or
DDAB (dimethyl dioctadecyl ammonium bromide) or SA (stearylamine) or DC-Chol
(dimethylaminoethyl carbamoyl- cholesterol) or DP (dicetylphosphate), and niosomes
composed of polyoxyethylene sorbitan monostearate (Tween6l) or sorbitan
monostearate (Span60), Chol and/or DDAB or SA or DC-Chol or DP were prepared
by freeze dried empty liposomes (FDEL) method. The morphology and particle sizes
of the nanovesicles characterized by transmission electron microscopy (TEM) and
cryo-TEM were small unilamellar structures with the nanosize ranging of 50-130 nm.
Cytotoxicity of the nanovesicular formulations and their compositions (lipids or
surfactants) were investigated on mouse melanoma cell lines (BisFi0) by the MTT
assay. In all formulations, cell viability decreased as the concentrations increased.
The 1Csq values of SA, DP, Chol, Span60 and Tween61 were 0.200, 0.011, 0.036,
0.122 and 0.094 mM which were 5.71, 0.31, 1.03, 3.49 and 2.69 times less cytotoxic
than doxorubicin, respectively, whereas 1Csy values of DPPC, DDAB and DC-Chol
can not be observed. When formed in nanovesicles, SA, DP, Chol, Span60 and
Tween61 showed decrease cytotoxicity with the 1Cso values ranging from 0 to 2.48
mM. The highest cytotoxicity reduction of 200 times was found in DP vesicles, while
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cytotoxicity of DC-Chol vesicles was slightly increased. The cytoxicity of lipids and
surfactants can be reduced by forming nanovesicles. Cationic liposomes and cationic
Tween61 niosomes composed of SA or DC-Chol showed similar cytotoxicity with the
ICso values of about 2.50 mM which was about 70 times less cytotoxic than DOX,
whereas cationic DDAB liposomes and niosomes showed no 1Csy values at the
studied concentration ranges. Neutral liposomes or niosomes and cationic DDAB
liposomes or niosomes were less cytotoxic than other nanovesicular formulations
which were selected to entrap pLuc. The entrapment of pLuc in the nanovesicular
formulations was performed by reconstitution of the lyophilized dried vesicles with
the plasmid solution. Cationic nanovesicles including cationic DPPC liposomes
(DPPC/Chol/DDAB at 7:2:1 molar ratio), cationic Tween6l niosomes
(Tween61/Chol/DDAB at 1:1:0.05 molar ratio) and cationic Span60 niosomes
(Span60/Chol/DDAB at 1:1:0.05 molar ratio) gave the entrapment efficiency of 100%
which were higher than the neutral vesicles (29.31, 3.65 and 29.75% for neutral
DPPC liposome, neutral Tween6l and Span60 niosomes, respectively). The
maximum loading of pLuc was 15.29, 22.70 and 18.92 ug/mg of the total lipids or
surfactants of liposomes and Tween61l or Span60 niosomes, respectively. The
morphology and particle sizes of the vesicles were in multilamellar structure and
nanosize ranges (160-850 nm). Characteristics and physical stability of luciferase
plasmid (pLuc) entrapped in cationic nanovesicles were investigated. Agarrose gel
electrophoresis and gel documentation were validated and used to determine the
entrapment efficiency of pLuc in cationic nanovesicles. At 8 weeks, the pLuc
entrapped in cationic liposomes exhibited higher stability than pLuc in an agueous
solution and that entrapped in cationic Tween61 or Span60 niosomes, when stored at
4, 30 and 50°C for 8 weeks. At 4°C, the pLuc remaining in cationic liposomes was 2
and 3 times higher than in cationic Span60 and Tween61 niosomes, respectively.
After 3 weeks, 50 and 2% of pLuc were remained in cationic liposomes at 30 and
50°C respectively, whereas all pLuc in cationic Span 60 and Tween61 niosomes were
degraded within 2 and 1 week, respectively. At 30 and 50°C, pLuc in an aqueous
solution or in nanovesicular formulations were not in a stable supercoil form. The
stability of pLuc was enhanced by entrapping in cationic liposomes more than in
niosomes. Also, higher temperature with an increase storage time can affect the
stability of pLuc even entrapped in nanovesicles. Luciferase gene expression of pLuc-
loaded in cationic liposomes (lipoplexes) in HeLa cell lines was evaluated from
luciferase activity determined by a luminometer at 24 and 48 h incubation.
Percentages of cell proliferation of the lipoplexes on HeLa cell line at 24 and 48 h
incubation were evaluated by the WST-1 assay. When the amount of DPPC or
cholesterol was increased, the higher amount of DDAB was needed to protect pLuc
from the enzymatic degradation. The highest luciferase activity (1.5 x 10° RLU) was
observed in the Chol/DDAB (at 2:1 molar ratio)-lipoplex at the DDAB/pLuc weight
ratio of 10:1 at 48 h which was about 10, 100, and 1000 times higher than the DDAB,
DPPC/Chol/DDAB (at 1:2:1 molar ratio) and DPPC/Chol/DDAB (at 2:2:1 molar
ratio)-lipoplexes, respectively. However, DPPC and Chol exceeded 33 and 50% mol,
respectively demonstrated no gene expression. All cationic liposomal formulations
and lipoplexes except the Chol/DDAB (at 2:1 molar ratio)-lipoplexes gave more than
50% of cell proliferation at 24 h. The Chol/DDAB (2:1 molar ratio)-lipoplex gave the
lowest cell proliferation indicating the highest cytotoxicity. Lipoplexes without DPPC
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were more cytotoxiciy than those with DPPC, whereas those with Chol were more
cytotoxic than those without Chol. The transdermal absorption through rat skin of
pLuc in an aqueous and that entrapped in the selected cationic liposomes
(DPPC/Chol/DDAB at 1:1:1 molar ratio) was investigated by Franz diffusion cell at
37°C for 1, 3 and 6 h. There was no pLuc from all samples found in the stratum
corneum, whole skin and the receiver compartment. This study has demonstrated the
best nanovesicular formulation composed of DPPC/Chol/DDAB at 1:1:1 molar ratio.
This formulation showed low cytotoxicity, high percentage of entrapment efficiency
of pLuc, high stability of the entrapped pLuc at 4°C for 8 weeks and high luciferase
gene expression, but did not give a satisfactory rat skin transdermal absorption result.
However, the informations from this study can be applied for the further development
of an efficient nanovesicular gene delivery system.
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